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ABSTRACT 
The Lockheed experiment on ATS-5 is continuing 
to monitor the low energy particle environment at 
the synchronous altitude. The average properties
 
of this environment are studied on a statistical
 
basis. and systematic dependences on local time and
 
magnetic activity are discussed.
 
A study of coordinated ATS-5 and OVL-18 part­
icle measurements has provided evidence for an
 
auroral electron acceleration mechanism operating
 
between synchronous altitude and the ionosphere.
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FOR 
LOCKHEED EUEUMENT ON ATS-5 
(I December 1970 through 28 February 1971) 
INTRODUCTION 
The analysis of the data from the Lockheed auroral particles ex­
periment on ATS-5 is continuing. During this reporting period emphasis
 
has been placed on (1) The completion of a study of coordinated electron
 
flux observations on ATS-5 and 0Vi-18, and (2) A statistical analysis of
 
the properties of the ambient plasma at synchronous altitude.
 
During this period two papers resulting from the ATS-5 experiment
 
have been published. One, entitled "Plasma Sheet Convection Velocities
 
Inferred from Electron Flux Measurements at Synchronous Altitude," by 
E. G. Shelley, R. G. Johnson and R. D. Sharp, appeared in the February 
issue of Radio Science and one, entitled, "Absolute Efficiency Measure­
ments for Channel Electron Multipliers Utilizing a Unique Electron
 
Source," by C. Paschmann, E. G. Shelley, C. R. Chappell, R. D. Sharp, 
and L. F. Smith, appeared in the Dec. 1970 issue of Renew of Scientific
 
Instruments. 
Two invited papers on the ATS-5 results, one by E. G. Shelley and 
one by R. D. Sharp were presented at the University of California Sub­
storm Conference, Jan. 28-29, 1971 at the University of California at 
San Diego.
 
A paper entitled, "Low-Energy Particle Radiation Environment at
 
Synchronous Altitude," by E. G. Shelley and S. K. Lew was presented at
 
the National Symposium on Natural and Man Made Radiation in Space, Las 
Vegas, Nevada, March 2, 1971.
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An invitation to present a review paper on the ATS-5 results at
 
the IUGG Fifteenth General Assembly in Moscow, USSR in Aug. 1971 has
 
been received by R. D. Sharp.
 
DISCUSSION
 
In our last report we described the results from two coordinated
 
sets of electron flux observations made by similar Lockheed experiments 
on the ATS-5 and OVI-18 spacecraft. Three more cases have been analyzed, 
the study has been completed, and the results have been described in a 
paper entitled, "Coordinated Auroral Electron Observations from a Syn­
chronous and a Polar Satellite," by Sharp et al, which is included in 
the Appendix. The paper is to be submitted to the Journal of Geophysi­
cal Research.
 
During this quarter a statistical study of the ambient plasma at
 
synchronous altitude has been initiated. The first results of this
 
study have revealed significant systematics in the behavior of the plasma.
 
As indicated previously, the results of this study were presented at
 
a symposium in Las Vegas and will be published in the proceedings of that
 
symposium. The paper describing these results is included in the Append­
ix.
 
PROGRAM FOR NEXT REPORTING INTERVAL 
We will continue our analysis along the lines outlined in our post­
launch data analysis plan as submitted on 15 October 1969. Emphasis during
 
the next quarter will be placed on the further study of the average pro­
perties of the ambient plasma and on the detailed analysis of several in­
dividual magnetospheric substorms.
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CONCLUSIONS AND RECOMMMENDATIONS 
The Lockheed experiment is continuing in its successful operation, 
and we recommend strongly that it as well as the entire Eb2 package on 
ATS-5 be operated for at least another year. 
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COORDINATED AURORAL ELECTRON OBSERVATIONS
 
FROM A SYNCHRONOUS AND A POLAR SATELLITE
 
by
 
R. D. Sharp, D. L Carr, R. G. Johnson, E. G. Shelley 
Lockheed Palo Alto Research Laboratory 
ABSTRACT
 
The ATS-5 satellite in synchronous orbit and the OVl-18 satellite
 
in a low-altitude polar orbit both carried similar experiments to measure
 
auroral particle fluxes in the range from one half to 50 key. Simul­
taneous electron flux observations are presented from 5 cases when the 
OVl-iB passed within a few hundred kilometers of the computed conjugate 
point to ATS-5. The flux levels were found to be generally comparable
 
at the two locations with no evidence for angular distributions highly
 
peaked along the field line. The spectrums were significantly harder at
 
ATS-5 with average energies approximately a factor of two higher than at
 
OVl-18. Evidence is presented for a dramatic difference in the shapes of
 
the spectrums at the two locations with smoothly falling relatively feature­
less spectrums observed at ATS-5 and spectrums with a peak in the few kev
 
range observed at 0Vl-18 Based on the five cases described here, there is
 
evidence that the trapped component of the flux increases more rapidly than
 
the precipitating component during more active times.
 
INTRODUCTION
 
The possibilities for probing the magnetosphere by means of multi­
locus satellite experiments have not yet been fully exploited. In fact,
 
the number of such experiments reported to this time are roughly consistent
 
with that which would be expected from a random coincidence of satellite
 
locations [Roederer, 1970]. This is a report of the first results of a
 
planned series of simultaneous, coordinated measurements of low-energy
 
particle fluxes made with similar instruments on the ATS-5 satellite in
 
a geostationary orbit, and on the OV1-18 satellite in a low-altitude polar
 
orbit.
 
The ATS-5 was launched on August 12, 1969, into an equatorial synch­
ronous orbit and after an initial period of westward drift has been main­
taned in the vicinity of 1050 west longitude. The OV1-18 satellite was
 
launched on March 18, 1969, into a 99 inclination orbit with apogee at
 
590 km and perigee at 469 km. Similar experiments by the Lockheed Palo 
Alto Research Laboratory on both spacecraft consist of auroral particle
 
spectrometers using channel multiplier sensors and either magnetic analyses
 
or foil-threshold techniques to measure specific energy groups of protons
 
and electrons. Primary emphasis was placed on the energy range between 
about one-half and 50 key which contains most of the auroral particles. 
Some preliminary results from both experiments have been reported [Sharp et al.,
 
1970, Sharp and Johnson, 1971]. During selected intervals in 1969 and 1970, 
an effort was made to program the OV1-18 satellite such that it would 
acquire data in the vicinity of the northern hemisphere conjugate point
 
to ATS-5. For this initial study we will examine the results of the electron
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measurements during 5 coordinated overpasses at local times near 0300.
 
The central focus of the present investigation is on the comparison of
 
the intensity of the precipitated electrons to that of the trapped 
electrons and on the energy distributions of the electrons at the two 
locations in the magnetosphere. A preliminary report of these results 
has been presented [Carr et al., 1970]. 
INSTRUMENTATION
 
The electron measurements on each satellite were made with a 
similar set of permanent magnet spectrometers which utilized 1800 deflection 
in order to obtain broad energy resolution [Shea et al., 1967, Reed et al., 
1969]. The energy intervals sampled by each spectrometer were set such 
that they would be contiguous over the region of interest. The energy 
ranges and geometric factors of the individual channels are listed in 
Table I. The laboratory calibration techniques utilized for these spectro­
meters were described by Paschmann et al. [1971]. In addition, the response 
functions of the instruments on the two satellites were interrelated by 
means of a standard calibrated Ni63 source. The experiments on both 
spacecraft contained a similar inflight calibration system to monitor the 
calibrations of the ratemeters and to detect any possible degradation in 
the performance of the channel multipliers due to gain fatigue [Reed et al., 
1969]. 
The experiments were also similar in the circumstance that both space­
craft were designed to be gravity-gradient stabilized and both experienced
 
a failure of the stabilization system. The ATS-5 is now spinning about an
 
axis roughly parallel to the view cone of the Lockheed instrument so the
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degradation of that experiment due to the malfunction was minimal. The
 
OVi-18 slowly tumbled throughout its lifetime, but a three-axis magnet­
ometer provided aspect information and again the degradation of the
 
results was not severe. The cases used for this study were selected
 
such that the OVl-18 detectors described in Table I were pointing in the
 
vicinity of the loss cone during the periods of interest. Two additional
 
instruments of similar design, but with one fewer channel, were oriented
 
in different directions providing angular distribution measurements on the
 
precipitating fluxes [Paschmann etal., 1969]. The results from these
 
instruments were generally similar to those presented here and will not be
 
discussed in detail The individual channels on the OVl-18 satellite were
 
each sampled once per second and the ATS-5 data utilized for this study
 
were obtained from each channel at the rate of one sample every2.5 seconds.
 
FIELD MAPPING
 
The principal uncertainties in this intercomparison arise from our
 
lack of knowledge of exactly how the magnetic field lines at the ATS-5
 
location map down into the polar ionosphere. Figure 1 shows the computed
 
ATS-5 conjugate points at the five times of interest using an internal
 
model of the magnetic field (GSFC 12-66 epoch 1969.75). The results, using
 
Fairfield's [1968] model of the average outer magnetosphere to map down from
 
the equatorial plane, do not differ by more than about 1° in latitude from
 
those illustrated. Additional uncertainties are associated with dynamic 
effects due to magnetic storms and substorms. Methods for making precise
 
calculations of the changes in the magnetospheric field configuration during
 
such events have not yet been developed. Recently, however, Fairfield and
 
Ness [1970 using IMP-4 magnetic field measurements have estmated the change
 
in the tail magnetic field configuration between the inflated condition
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TABLE I. Electron Spectrometer Characteristics
 
Energy Interval Geometric Factor Angular 
Satellite Channel Name (key) (cm 2 -sterad) Acceptance 
ATS-5 CMEA 0.65 - 1.9 1.4 x l0 - 5 150 x 250 
CHEB 1.8 - 5.4 1.0 x 10 
- 5 15 0 x 25 ° 
CNEC 5.9 - 17.8 1.2 x 10 - 5 150 x 250 
CMED 17.4 - 53.0 o.86 x l 
­ 5 150 x 25 ° 
OVl-18 CMA 0.8o - 1.5 0.79 x 10
­5 
CMElB 1.8 - 3.3 0.81 X 10 
- 5 
CNEIC 3.8 - 7.0 0.96 x 10
-5 
CNEID 8.3 - 16.3 0.26 x 10
- 4 
CME 17.3 - 37.0 O.4o x lO
-4 
OVI-i8/ATS-5 SATELLITE COORDINATION 
, 342 2z93 2,
-30z / 314 60 ON 
0 0"O/?e 10 / - 7 - , 2 9 3 - FT CHURCHILL1 
v 20 294 PROJECTED30 /308 ATS-5 FIELD LINE314 LOCATION AT OVI-18 
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.
 55°N
 
0 200 400OVI-18 SATELLITE PATH DISTANCE (KM) 
0 10W 9 5 °W 
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existing just prior to a substorm and the dipole-like configuration after
 
a substorm. The difference in the earth intersection latitudes for these
 
two situations has been estimated from flux conservation considerations and
 
corresponds to about a one degree latitudinal shift for the field lines
 
intersecting the ATS-5 satellite at the time of the measurements reported
 
here.
 
In the presence of these uncertainties, a one-to-one identification
 
of the corresponding OVl-18 and ATS-5 measurements is not possible; however,
 
in this report we will examine some cases where the electron flux character­
istics at low altitude are varying sufficiently slowly with latitude that
 
we can draw some conclusions on a probability basis independent of some
 
reasonable uncertainty in the exact location of the ATS-5 conjugate point.
 
In addition to the ATS-5 conjugate point locations, Figure 1 shows 
the trajectory of the CV-18 satellite on the days listed. The dots on the 
trajectory lines represent the location of the OVl-18 at the times of the 
crossing of the ATS-5 L-shell. These coordination times are listed in 
Table II along with other parameters of the coordination geometry. The 
elapsed time scale on the left of Figure 1 can be referred to when examining 
subsequent figures for an estimate of the spatial separations corresponding 
to various time differences from the computed coordination time (t0 ). An 
uncertainty of 10 in latitude corresponds to about 15 seconds of OVl-18 
travel time. 
Of the five cases to be examined here, two occurred during quiet times,
 
two occurred during bay activity of about 400y magnitude, and one occurred
 
during the geomagnetic storm of November 10, 1969. The X component of the
 
Churchill magnetogram during the periods of interest are shown in Figure 2
 
and the K value appropriate to the coordination time is listed in Table III.
p 
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TABLE II. Coordination Parameters
 
Coordination Orientation
 
Distance of ATS-5
 
Separation OVl-18 Auroral Detectors -

Day UT of Along L Shell Altitude Time Pitch angle
 
(1969) Time to (km) L (km) (hours) (degrees)
 
293 09"34:01 384 6.85 476 2.3 25
 
294 09:16:28 96 6.85 473 2.4 27
 
308 09:49:21 475 6.82 463 2.5 19
 
314 09:34:59 186 6.81 467 2.6 29
 
342 10:17:47 596 6.76 538 3.0 10
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FIGURE 2
 
TABLE III. Lifetimes 
7 e TL ALon 
Day K 
p 
N 
ATS 
(10 electrons 
cmd-sec-sterad) 
(minutes) (degrees) 
342 O+ 1.5 8 3 
293 1- 3.5 6 3 
294 2 32 24 14 
308 2+ 15 10 7 
314 5- 58 28 14 
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The location of Churchill relative to the coordination geometry is shown 
in Figure 1. As has been pointed out by Belon et al. [19691, the average
 
magnetic field used in the field line mapping has been derived primarily
 
from satellite data and probably corresponds to somewhat disturbed times. 
(A K index of 3 occurred most frequently at College during IQSY.) There­
fore, within the dynamic uncertainties discussed earlier, our apping is 
probably reasonably appropriate for all cases except November 10. For 
this case the actual conjugate point is perhaps considerably south of the 
point illustrated in Figure 1. 
EXPERIMENTAL RESULTS 
The results of the measurements on the relatively quiet day 293 of 
1969 are illustrated in Figure 3. The lower half of the figure shows two 
of the electron plasma properties (the number flux and the number flux 
weighted average electron energy) computed from the integrals of the measured 
spectrums. These are plotted against elapsed time from t0, the time of the 
computed coordination illustrated in Figure 1. A histogram approximation 
to the electron spectrum and equivalent rectangular response functions for 
the spectrometers were used for the relatively narrow lower energy channels. 
The two upper channels in each experiment were fairly broad, however, and 
did not extend to the same upper energy (see Table I). Since the flux was 
generally falling off rapidly with increasing energy in this range, the 
errors caused by the histogram approximation were too large and a more 
precise approximation was employed, i.e., an assumed exponential flux shape 
was fitted to the response functions of the two upper channels of each 
instrument, and the plasma properties were computed from this exponentially 
falling flux at the higher energies (with a common cutoff at 45 key used in 
both cases) and the assumed histogram flux shape at the lower energies. 
----- ------------------------
C 
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4, •-"01 t- + +2 + 3 +4 
, -,t 7 6- 5 
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•-14 -12 _-'0 -9 +9 i+10 +11 +12. 
0)0 
15 -30 -25 -20 -16 +13 +14 +16 +18 
E 
,(o5- -L * .L_ 
'0, 110 50 
keV
 
20 	 ,
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FIGURE 3 
The lowest curve in Figure 3 shows the local pitch angle of the electrons 
being sampled by the OVl-18 detectors as the satellite slowly tumbled. 
Zero degrees corresponds to electrons coming directly down the field line. 
For pitch angles greater than about 115 the measured particles would 
have mirrored in a region of substantial atmospheric density and the 
resultant energy losses would complicate the analysis. This did not 
occur in the immediate vicinity of the coordination point for any of the 
5 cases to be discussed here. The entire range of local pitch angles at 
OVI-18 altitude, maps into equatorial pitch angles from 0
° to about 2o 
Thus, we are effectively sampling the equatorial distribution at two
 
° 
angles in each case, one close to 0 with the OVl-18 satellite, and one 
at about 250 with the ATS satellite. One sees in Figure 3 that the number 
fluxes in the region of the highest probability for the location of the 
coordination point (say, to + 10 seconds) are roughly comparable, but 
generally are somewhat higher at the OVl-18 altitude, while the average 
energy is consistently about a factor of two higher at ATS. The upper 
half of the figure shows individual electron spectrums measured at the 
two satellite locations at representative times throughout the period of 
the overpass (note the logarithmic energy scales). The ATS spectrum 
nearest in time to the corresponding OVl-1 spectrum is illustrated. Since 
the measurement time was somewhat longer on ATS, some of these spectrums 
are repeated. One sees that over a substantial fraction of the period with 
the highest probability for containing the coordination point, there is a 
significant and dramatic difference in the spectral shape at the two loc­
ations. The ATS spectrums fall off with increasing energy while the OVl-18 
spectrums exhibit a peak in the 1.8-to 5.4-key channel. As indicated prev­
iously, the question of whether this difference is "real" must be discussed 
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on a probability basis. At times within the interval, e.g., at to + 14 
seconds, there is no significant difference in the spectrums measured at 
the two locations. However, considering the evidence from the entire 
period of the overpass (weighted in some manner by its proximity to t = t ), 
the probability is that the effect exists, an indication that is supported
 
by the data from the remaining cases which will be presented in Figures 4
 
through 7. An examination of the relative fraction of the period of inter­
est which exhibits the effect for all five cases, will allow the reader to
 
form his own judgement of the probability that the effect is "real".
 
The typical error bars plotted in the figures are compounded from
 
counting statistics and digitization errors. In addition there are un­
certainties of about 30% in the quoted fluxes and average energies due to
 
possible systematic errors.
 
Figure 4 shows the data from Day 294 which was obtained during a moderately
 
intense substorm (see Figure 2). In contrast to the previous figure, where the 
0Vl-18 flux was only slowly varying during the period of the overpass, there 
is a 3-second interval at t = t when the flux at 0Vl-18 was much more intense,o 
and softer than it was during the rest of the overpass. On a probability basis,
 
however, the lower intensity measurements during the remainder of the overpass
 
are more likely to correspond to the ATS data. These OVl-18 fluxes are consid­
erably lower than at ATS, in contrast to the results on Day 293. The average
 
electron energy at ATS is again generally higher than at OVl-18. In looking
 
at the individual spectrums in the upper half of the figure we see that during
 
the period t ± 10 seconds the effect of a peaked spectrum on OVl-18 is there
0
 
only about half of the time. Thus, in our probability calculations, this
 
example averages out about neutral.
 
0 
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FIGURE 4 
Figure 5 shows the data from Day 308, again obtained during a moderate
 
substorm. The flux levels are seen to be generally lower at OVi-18 although
 
at times during the period of interest they are about equal to those at ATS.
 
The OVl-18 spectrums most often exhibit the peaked effect noted previously.
 
The data from Day 314 are illustrated in Figure 6. As indicated by the
 
dotted lines in the lower half of the figure, there was a gap in the ATS
 
data during the period of interest. The data on both sides of the gap appear
 
unchanged, however, and in the upper half of the figure we have used the average
 
ATS spectrum over the period t + 40 seconds to replace the missing data. As
 
on Days 294 and 308, on this magnetically active day we also see that the flux
 
at OVl-18 is lower than at ATS. The OVl-18 spectrums are peaked over most of
 
the region of highest probability for the location of the conjugate point.
 
The data from Day 342 shown in Figure 7 were obtained during a magnetically
 
quiet period (see Figure 2). If the actual conjugate point is within a few
 
seconds of t0 , we see that as on the other quiet day (293) the flux at OVl-18
 
is higher than at ATS and the peaked spectrum effect predominates. Outside
 
the period t ± 10 seconds, the flux was below sensitivity threshold on OVl-18.
o 
In order to examine more closely the apparent changes in the relative
 
flux levels between the two satellites as a function of magnetic activity that
 
were noted above, we show in Figure 8 a scatter plot of the number flux data
 
from all 5 cases. The large circles represent the average values over the
 
period t 0 10 seconds (except that the soft 3-second-wide spike at t = to
 
has been deleted from the average on Day 294). The ends of the solid lines
 
leading from the large circles show the instantaneous values at t = t . The
 
points are labelled with their corresponding Kp values (these can be related
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to the day number through Table III). As indicated previously, a magnetic storm
 
was an progress on Day 314 and the actual coordination point is perhaps further
 
south than its computed position. As an indication of the changes that might
 
result from this effect, we also show the OVl-18 results averaged over 10-second
 
time periods centered at t + 15 and t + 25 seconds. This extends the region
o o 
of analysis southward by 20 in latitude from the computed coordination point. 
Examining Figure 8, we see the interesting result that the trapped flux appears 
to be increasing more rapidly with magnetic activity than the flux in the vicinity
 
of the loss cone. Another way of stating this result is that the particle life­
times are apparently increasing with magnetic activity and flux intensity (see 
the Discussion section). This seems contrary to what might be expected on the 
basis of simple theories. This result is, of course, highly tentative, being 
based on only five cases, but it will be of great interest to see if it persists 
in future studies. 
A similar scatter plot for the average electron energy values is shown in
 
Figure 9. The ATS values are seen to be consistently harder than those at
 
OVI-18 and are also generally harder on the more active, than on the quiet days.
 
PREVIOUS WORK
 
In an earlier paper [Sharp et al., 1970], we presented the results of a 
preliminary statistical comparison between electron flux levels and average 
energies measured near local midnight during the period 28 August to 4 September 
1969 on the ATS-5 satellite and those measured at the appropriate L value near 
local midnight on the low-altitude polar satellite 1963-42A during the period 
-23­
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30 October to 5 November 1963. These earlier results have been indicated by
 
the square symbols in Figures 8 and 9 for comparison purposes. Despite the fact
 
that they correspond to integrals over somewhat different ranges, they are in
 
rather good agreement with the five coordinated cases and serve to indicate
 
that the latter examples are not an atypical subgroup of the data. (The 1963
 
measurements were obtained with scintillator-photomultiplier detectors which
 
measured the integral energy flux of electrons with energies above 0.08 kev.
 
These have been converted to number flux by dividing by the estimated average
 
energy values presented in Table 2 of Sharp et al. [19703.)
 
Electron spectrums with a peak in the few-kev range are commonly observed
 
in auroral particle measurements at low altitude. The measurements have been
 
summarized in a recent review by Evans [1969] which also discusses possible
 
mechanisms which might lead to such phenomena.
 
Comparisons of plasma sheet electron spectrums with rocket measurements in
 
the auroral zone have been made by several authors [chase, 1969; Rearwin, 1970,
 
Hones et al., 1971]. The comparisons have generally not been of simultaneous
 
measurements and have utilized plasma sheet spectra obtained from much deeper
 
in the tail than the region which maps down to the location of the rocket
 
experiments according to current models [Fairfield, 1968]. Hones et al. [1971]
 
note that the peaked spectra commonly seen in the auroral rocket experiments
 
are in sharp contrast to the featureless spectra found deep in the plasma
 
sheet. This conclusion is consistent with the results of this experiment.
 
We, however, find no evidence to support the findings by these authors of
 
plasma sheet angular distributions sharply peaked in the loss cone. Such
 
distributions would be evidenced by flux intensities at OVl-18 higher by 
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factors of 10 to 100 than those at ATS. This did not occur in the five
 
cases analyzed here.
 
DISCUSSION
 
An interesting quantity which can be computed from the ratio of the
 
trapped to the precipitating flux intensities is an estimate of the lifetimes
 
of the trapped particles [O'Brien, 1962]. Under the assumption of isotropy
 
for the angular distribution of the trapped component, one can estimate the
 
contents of the flux tube from the ATS measurements. The leakage rate from the
 
flux tube can be estimated from the OV1-18 measurements by integrating over the
 
loss cone, assuming isotropy over this range of pitch angles. The estimate of
 
lifetime, TL, is then the ratio of these two quantities,
 
NATS BOVI T
 2
 
TL NOvi BATS2 
where N is the measured flux in electrons/cm2-see-sterad., B is the magnetic
 
field strength, and '2 is the average bounce period for trapped electrons of
 
energy equal to the average energy at ATS.
 
These lifetimes, computed from the average flux values represented by the
 
large circles in Figures 8 and 9, are tabulated in Table III along with these
 
average flux levels at the ATS satellite and the K value for the three-hour
p
 
interval including the measurement. As indicated previously, one sees an
 
apparent increase in lifetime with the intensity of the trapped flux and with
 
The general level of magnetic activity.
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These lifetimes can be compared with published values for more energetic
 
electrons (E > 50 key) obtained from similar calculations to those used here. 
Our lifetimes are in the same range as the values reported by Parks [1970] 
from a comparison of balloon x-ray measurements and ATS-1 electron data, and 
are generally lower, by as much as a factor of 10, than the values reported 
by O'Brien [1962] from simultaneous IJUN 1 and Explorer 12 measurements. 
We have also included for comparison in the table an estimate of the angular 
distance'that equatorially mirroring electrons of energy equal to the average 
energy at ATS would gradient drift during the calculated lifetimes. One sees 
that they do not get very far and it appears difficult to reconcile such 
short lifetimes with the drift effects reported by DeForest and McIlwain [1970] 
for electrons in this energy range. 
These lifetime calculations are, of course, only valid under the assumption 
that electrons are not being accelerated into or out of the energy range of 
the detectors. Since we have evidence from the spectral variations for an 
acceleration process taking place between the two satellites, this assumption 
may indeed be violated. For example, the ATS spectrums are generally rapidly 
rising at low energies. If what we are seeing is the high-energy tail of a 
peak below our energy range, and an electric field accelerates these electrons 
into the few-key peak commonly observed at OVl-18, then the tabulated lifetimes 
will represent lower limits and the trapped particles could indeed drift farther 
than indicated in Table III. In this sense the frequent occurrence of drifting 
plasma clouds with lifetimes of several hours, as reported by DeForest and 
McIlain [1970], may mean that the short lifetimes obtained here are rather 
additional evidence that some sort of an acceleration is indeed taking place. 
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As has been indicated above, in an earlier paper [Sharp et al., 1970]
 
we compared the average energies of trapped and precipitated electrons on a
 
statistical basis, obtaining the values shown by the square symbol in Figure 9.
 
Since the data were obtained at different times and with different types of
 
detectors, we concluded that the difference observed in the average energies
 
at the two locations was probably not significant and in any case, since the
 
energy was higher at ATS, it provided no evidence for an acceleration mechanism
 
operating along the field line. In the present comparison, however, with simul­
taneous data from the same kind of detectors, the difference in average energies
 
of about the same magnitude as before, provides good evidence, in our opinion,
 
for tne existence of some mechanism operating between the two locations, since
 
it persists over a substantial distance on both sides of the computed coordlna­
tion point on all five cases.
 
The evidence for the presence of a peak in the OVl-18 spectrum which does 
not appear in the ATS spectrum is less certain and depends more heavily on a
 
probability argument about the location of the conjugate point. On the basis
 
of the present data, however, the effect is most probably real. We therefore
 
apparently require a rather interesting mechanism which can produce a peak in
 
the few-key range while at the same time depleting the more energetic electrons
 
which dominate the average energy. One can envision various two-stage processes
 
which might produce these effects, but we have no favored candidate at this time. 
A further constraint will enter if the tentative evidence we have presented is
 
confirmed and the trapped particles indeed increase more rapidly than the pre­
cipitating component, as the general level of activity increases.
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To summarize our principal results, we find in the five cases studied 
that: 1) the flux levels at ATS-5 and OV1-18 are generally within a factor 
of two of each other; there is no evidence for highly anisotropic equatorial 
angular distributions peaking along the field line; 2) the average electron 
energy is generally significantly higher at ATS-5; (Both the above conclu­
sions are independent of some reasonable uncertainty in the location of the 
conjugate point.) 3) on a probability basis, there is evidence for a dramatic 
difference in the shape of the spectrum, with a peak in the few-keY range 
generally found at OVl-18 which is not present at ATS-5; and 4) there 
is tentative evidence for a more rapid increase in the trapped particle 
fluxes than in the precipitating component during more active times. 
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LIST OF FIGURE CAPTIONS
 
FIGURE 1 Coordination geometry. 
FIGURE 2 Magnetic activity at Fort Churchill during the periods 
of interest. 
FIGURE 3 Electron data on 20 October 1969. The closed circles 
are OVl-18 data and the open circles ATS data. The 
times shown are relative to the coordination time, to.o 
E is the average electron energy in kev. N is the 
2 
number flux in electrons/am -sec-steradlian. PA is the 
local pitch angle of the OVl-18 measurement. 
FIGURE 4 Electron data on 21 October 1969. 
as Figure 3. 
Symbols are the same 
FIGURE 5 Electron data on 4 November 1969. 
as Figure 3. 
Symbols are the same 
FIGURE 6 Electron data on 10 November 1969. 
as Figure 3. 
Symbols are the same 
FIGURE 7 Electron data on 8 December 1969. 
as Figure 3. 
Symbols are the same 
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FIGURE 8 Scatter plot of electron flux at synchronous altitude 
versus that at low altitude. 
FIGURE 9 Scatter plot of electron average energy at synchronous
 
altitude versus that at low altitude.
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FIGURE 14.--Average dependence of proton flux on magnetic activity
 
(K ) for four 3-hour local time segments. The behavior of the 
in~rmedate tme segment as simlar. The error bars where 
shown are the standard deviation on the mean. 
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FIGURE 15.--Average proton energy as a function of magnetic

activity (Kp) for the local time segment 0300 to 0600. The
 
data points include all one-hour-average samples for this
 
local tame segment. The solid line passes through the mean
 
for each AKp interval. The error bars are standard deviations
 
on the mean.
 
LOW-ENERGY PARTICLE RADIATION ENVIROMENT AT SYNCHRONOUS ALTITUDE 
E. G. Shelley and S. K Lew
 
Lockheed Palo Alto Research Laboratory
 
Low-energy charged particles in the space environment are known to be important
 
contributors to the degradation of thermal control surfaces on satellites and may
 
affect thin films such as cover materials used in connection with large flexible
 
solar arrays. These particle-induced degradation effects are of particular importance
 
in planned future satellite projects with projected lifetimes up to ten years. Early 
measurements in the vicinity of synchronous altitude showed that intense and highly 
variable fluxes of protons and electrons with energies between one and 50 keV populate 
this reg'on of space. The ATS-5 satellite, launched into synchronous orbit in August 
1969, was the first synchronous satellite to include instrumentation for the investi­
gation of the plasma properties of these low-energy charged particles The Lockheed 
Palo Alto Research experiment on ATS-5 measured electron and proton fluxes in the 
energy range from approximately one-half to several hundred keV with primary emphasis 
on the region below 50 keV which contains most of the plasma energy. A statistical 
analysis of the data, sampled over the period from September 1969 through December 
1969, shows systematic variations in the average low-energy particle radiation 
environment at synchronous altitude with local time and magnetic activity (K ). The 
existence of a systematic variation with K suggests the possibility of estigating 
the environment under various conditions of magnetic activity from the present data. 
INTRODUCTION 	 reported that large increases in the electron
 
fluxes were observed on most nights in the vicin-

Both laboratory simulations and in situ satel- ity of local midnight with increases of one or two 
lite measurements have shown that many of the corn- orders of magnitude occurring within times ranging 
monly used low s/c thermal control surface mater- from a few minutes to the order of an hour and 
lals are degraded nbt only by solar ultraviolet that these electron "events" were generally asso­
radiation, but also by low-energy charged particle ciated with magnetic substorms as established from 
radiation (refs. 1-19). This is dramatically shown auroral zone magnetograms in the vicinity of the 
in figure 1 which compares the degradation rate of foot of the field line passing through ATS-5. A 
ZnO/sil measured on several satellites. The more detailed study of the time characteristics of
 
degradation rate was significantly greater for the these electron events has also been published
 
synchronous and deep space satellites which were (ref. 23). As reported in ref. 22, the proton
 
exposed to much greater low-energy particle fluxes were also observed to vary, but by a much
 
fluxes. A detailed knowledge of the charged part- smaller factor in general. A general discussion
 
iele environment is therefore essential to proper of the low-energy particle populations at synchron­
design of long-lived spacecraft. Prior knowledge ous orbit observed on ATS-5 has alsobeen given by
 
(refs. 20 and 21) of the environment at synchron- DeForest and McIlwain (ref. 24) An indication of
 
ous altitude has been extremely sketchy, based the dramatic variations in the particle fluxes and
 
primarily on measurements from satellites with their dependence on local time and magnetic activ­
highly eccentric orbits. Since these satellites ity is given in figures 2 and 3. Figure 2 shows
 
are able to acquire only a few seconds of data in the relative flux of the 6-to 18-keV electrons
 
the region of synchronous altitude once every few for two of the days included in this study. The
 
days they do not provide sufficient data to define lower and upper curves correspond to magnetically
 
the morphology of this dynamic region, quiet and magnetically active days, respectively.
 
The ATS-5satellitewhich was launched in August During a significant part of the day the fluxes on
 
of 1969, was the first synchronous satellite to the active day exceed those of a quiet day by about
 
carry experiments capable of spectral measurements two orders of magnitude. Figure 3 shows a similar
 
of the low-energy electrons and protons. It car- comparison for protons with energies greater than
 
ried a magnetometer and several particle detectors 38 keV. While the differences are not as great as
 
spanning the energy range from 50 eV to 30 MeV. those for electrons, they still differ by a factor
 
The Lockheed experiment was designed to perform a of 5 or greater.
 
survey of particle fluxes of auroral energies. It In this paper, a statistical analysis of the
 
consists of eleven individual dctectors, each of data for 20 days spanning the period from September 
which measures protons or electrons in a specigio 1969 through December 1969 is presented. As shown 
energy interval spanning the range from about one- in figure 4, the distribution of magnetic activity 
half to several hundred keY. Primary emphasis was during the data samples of this study was very 
placed on the region below 50 key which contains similar to the distribution of magnetic activity 
most of the plasma energy. Particles in this for the entire four-month period spanned by the 
energy region have been shown to be very important data samples. It is therefore reasonable to treat 
in thermal control surface damage (ref. 2). this body of data as representative of this period. 
A preliminary report on the general characteris- The local time dependence of four plasma parameters,
 
tics of the particle fluxes at synchronous altitude electron number flux, electron average energy, pro­
has been given by Sharp et al. (ref. 22) It was ton number flux and proton average energy, was
 
analyzed using the entire body of data. In addi-
tion, we present the results of an investigation
of the dependence of these parameters on magnetic 
activity in several different local time sectors 
in the hope that thins information willmake it poss-
ible to extrapolate the present data to periods of 
differing magnetic activity, 

INSTRJMMTATION 
The electron data presented here are from four 
broadband differential electron flux detectors, 
each consisting of a permanent magnet spectrometer
which utilizes 1800 deflection to achieve contin-
uous sensitivity over a broad energy interval 
(AE/E Z i00%). Together, the four detectors pro-
vide continuous and nearly uniform coverage for 
electrons over the energy range from 0.65 to 53 
key. The proton data to be presented are from 
three integral proton detectors with foil-deter-

mined thresholds at approximately 5, 15 and 38 keV. 

The minimum data sample rate for these detectors 
was once per telemetry sequence of 5.12 seconds, 
Relevant parameters for these seven detectors are 
given in table 1. A detailed description of the 
instrument and a description of the procedures used 
for calibration of the electron channels have been 
published (refs. 25 and 26). 
For the period of the data presented here, the 

ATS-5 satellite was nearly stationary in geographic
longitude at approximately 1500W. It was spin 
stabilized with spin axis approximately parallel to 

the earth's axis. The Lockheed experiment view
° direction made an angle of Ii to the spin axis, 
so that the detectors were sensitive to particles
with pitch angles over a range of greater than 00. 
This range was reduced somewhat when the spin axis 
was within 200 of the local magnetic field direc-
tion. The ratemeter time--onstants were such that 
the detectors averaged the flux over all pitch 
angles accepted. The range of pitch angles sampled 
varied with local time and magnetic activity, but 
on the average the central angle varied from about 
350 near local midnight to less than 100 near local 
noon. It should be borne in mind that the loss 
cone at synchronous altitude is only about 50 full 
angle, so that even when the loss cone is included 
in the solid angle of the detectors, they are pri-
marily sensitive to trapped particles. 

DATA ANALYSIS 
In order to calculate the plasma properties, 
such as average energy and omnidirectional-number 
flux, from out observations, it was necessary to make 
certain assumptions about the spectral and pitch-
angle distributions. We assumed isotropy for both 
electrons and protons. This is not expected to 
have a large effect since, as discussed above, our 
detectors average over a relatively large range of 
pitch angles. However, because of the local time 
dependence of the magnetic field direction, the 

apparent local time dependence of the plasma para-
meters could be influenced by anisotropic pitch-
angle distributions. That this anisotropy in our 
energy range is not on the average large (i.e., 
greater than about 2) is supported by our observa-
t~ons during an earlier spin mode inwhich the 

Lockheed xperiment swept through all pitch angles 
during each spin period (ref. 22) and further by a 

second low-energy particle experiment on ATS-5 

which had detectors at two angles (ref. 24). 
The spectral model for electrons used in this 
analysis was as follows. The differential flux 
was assumed to be flat over the energy range of 
each of the two lwer electron detectors. A fune­
tion F(E) = Foe-E/Eo was fit to the upper two elec­
tron channels and was used to describe the spectrum 
from 6 keV to 55 keY. The dependence of the cal­
culated plasma parameters on the details of the 
spectral shape was tested by using other simple
 
shapes and it was found that the results were not 
generally affected significantly. Similarly, the 
proton spectrum was assumed to be flat between the 
threshold energies of the lower two detectors (5
key to 15 keV) and an exponential distribution was 
fit to the upper two detectors. The electron prop­
erties discussed here are for the energy range 0.65 
to 55 keY and the proton properties are for ener­
gies greater than 5 keY. 
With the above assumptions, the omnidirectional4
number fluxes (i.e , times the average direc­
tional flux) and the number-density-weighted aver­
age energies for electrons and protons were cal­
culated. Flux-weighted average energies are more 
appropriate for damage analysis and are generally 
greater than the density-weighted average energies 
by 10% to 50% for both electrons and protons and 
within the accuracy of this analysis can be assumed 
to be a constant 30%greater. 
The plasma properties were first calculated at 
approximately 90-second intervals for all of the 
data, then averaged over one-hour periods. Each
 
sample discussed in the following analysis and 
tabulated in table 2 corresponds to one of these 
one-hour averages. 
The uncertainties in the data arising from 
counting statistics and other random errors are 
completely negligible compared with the possible
systematic errors. The total systematic errors 
arising from all causes such as uncertainties in 
absolute geometric factors, spectral shapes and 
pitch-angle distributions were estimated at about 
30%for the electron properties and 50% for the 
proton properties. 
RESUITS 
Local Time Dependence 
The first analysis of the data was in terms of 
local time dependence only, that is, there was no 
selection of the data on the basis of magnetic
 
activity. In figures 5 through 8, we present the 
omnidirectional electron number flux, the electron 
average energy, the omnidirectional proton number 
flux, and the proton average energy, respectively. 
All data were included to show the variance, the 
solid curves give the average local time dependence. 
These figures are discussed separately below. 
Omnidirectional Electron Number Flux (figure 5). 
A strong local time dependence in the overall aver­
age electron number flux is clearly evident. The 
average flux varies from approximately 2.5 x 109 
electrons cm2 -sec around midnight and early morning 
to 1 x 10 electrons/cm2 -sec near dusk. The total 
variation in the hourly averaged electron number 
flux exceeds a factor of 200, on a shorter time 
scale, these fluxes have been observed to vary over 
a range of several thousand. Another interesting 
observation from figure 5 is that the variation in 
the electron flux is much greater (- 60X) near local
 
midnight than around 1800 IT (- 3X) 
Average Electron Energy, Density-Weighted (fig­
re__. The statistical average of the electron
 
energy has a relatively strong local time dependence. 
It maximizes at a value of about 13 keV near 1600 
IT, approximately the time at which the electron 
number flux is minimum. The minimum energy, ap-
proximately 5.5 keY, occurs about 6 hours later 
at 2200 IT. The independent one-hour average sam-
plea of the average electron energy vary over a 
range from 2 keV to 22 keY. In contrast to the 
electron number flux, the variation in average 
electron energy is greatest near local dusk and 
smallest near local midnight. 
Omnidirectional Proton Number Flux (figure 7l. 
The grand average proton flux is approximately 108 
protons/cm2 -see. In contrast to the electron flux, 
the apparent diurnal variation in the average pro-
ton flux is rather small (- 3X). The local time 
dependence is also different, peaking about 3 

hours before local midnight and reaching a minimum 
very near local noon. Because this variation has 
very nearly the same local time dependence as the 
systematic variation in the pitch-angle range 
being sampled (see the data analysis section), a 
significant pat of this apparent diurnal variation 
could be explained by a pitch-angle distribution 
peaked at 900. However, based on the arguments 
presented ea.lier, we estimate that at least half 
of this effect is a true variation in the average

flux. The proton flux at a fixed local time is seen 
to vary by approximately a factor of 10, somewhat 
less than the variation observed for electron 
fluxes, but nevertheless highly significant, 
Average Proton Energy, Density-qeighted (figure 
8). The average of the proton energy is approxi-
mately out of phase in local time with the average 
proton flux, with the percentage variation (_ 20) 

much less. The total range of the one-hour average 
samples is from approximately 15 keY to 60 keV with 
a mean of approximately 35 keY. 
Magnetic Activity Dependence 

An investigation of the dependence of the plasma 

parameters on magnetic activity was undertaken in 

hope of finding relationships to make it possible 
to extrapolate the present data to periods of dif-
ferent magnetic activity. Because of the strong 
local time dependence of the parameters found 
above, the data were analyzed in 3-hour local time 
segments; however, where the local time effect 
appeared to be small these were later averaged over 
6-hour segments. Table 2 shows the breakdown of 
the distribution of one-hour-average data samples 
in terms of local time and magnetic activity (Kp). 
This breakdown left approximately 10 samples per 
local time segment for each magnetic activity inter- 
val (4p- 1) up to K = 4. Above Kp - 5, the num-
ber of samples per interval was generally 3 or less 

and this should be borne in mind in interpreting 
the results presented below, 
For each of the four parameters we present a 
scatter plot of the parameter versus Kp for a single 
local time segment to demonstrate the scatter of 
the data. Included in these plots is a curve pass-
Ing through the averages over each MKp interval; 
the intervals are identical to those In table 2. 
The error bars are one standard deviation of the 
mean. Following each of the scatter plots is a 
second figure showing the average curves for each 
local time segment. Standard deviations are in-
eluded for only a few of the points on these curves 
to avoid further confusion in the figures. Some 
"error bars" were considered necessary to indicate' 
the significance of the fluctuations in the curves, 
Omnidirectional Electron Number Flux (figures 
and 10). The scatter in the data points within a 
single AKp interval in figure 9 for the local time 
segment of zero to 0300 is typical of all of the 
local time segments. The aerage curves for all 
eight local time segments are included in figure 
10. Several systematic effects are apparent: 1) 
the local time dependence is significantly less at 
low Kp than for high Kp; 2) the local time regiun
 
from 2100 to 0600 is most sensitive to magnetic 
activity, but shows a saturation effect above K = 
3; 3) the local time region from noon to dusk 
(i.e., 1200-18oo Z) is on the average unaffected 
by magnetic activity; and 4) the intermediate
 
local time intervals show a slow transition in 
their dependence on magnetic activity from that 
characteristic of the midnight region to that 
characteristic of the afternoon region.

The peaks and troughs in these curves, such as 
that near XP = 4 an the 06-09 curve, cannot be 
considered statistically significant; however, the 
error analysis suggests that the average electron 
number flux can be corrected for magnetic activity 
within about a factor of two. 
Electron Average Energy (figures 11 and 12). 
The scatter in the average electron data shown in 
figure 11 is typical for all local times except 
for the region 00-06 1W where the scatter is sig­
nificantly less. The effect of increased magnetic 
activity on the average energy as a function of 
local time (see figure 12) is very different from 
the behavior observed for the electron flux. The
 
systematic effects are as followst 1) the local 
time dependence is minimal for low Kp, as was the
 
case for the electron flux, 2) the local time re­
gion from 2100 to 0300 is least sensitive to mag­
netie activity, in contrast the electron flux is 
most sensitive in this time region; 3) in the local 
time region from pre-noon to dusk (0900-1800 WT) 
the electron energy is strongly dependent on mag­
netic activity up to about Kn - 3 or 4, followed
 
by a saturation effect or a ossible reversal (the 
points around Xp = 7 must not be given much sig­
nificance since they result from only one or two 
samples -- see table 2). Again this contraste 
with the behavior of the electron flux which was 
not significantly affected in this general local 
time region, 4) as was the case with the electron 
flux, the intermediate local time regions display 
a smooth transition in behavior between the ex­
tremes of 2) and 3) above; and 5) there is consid­
arabi evidence for a decrease in mean energy with 
increased magnetic activity above Kp =Z5 for most 
local times. 
The average effect of magnetic activity on the 
electron average energy can be estimated from these 
curves with an accuracy of 20 or 30 per cent. The 
combined effects of magnetic activity on the elec­
tron flux and the electron average energy lead to 
the result that the general trend is toward in­
creased electron energy flux with increased magnet­
ic activity at all local times. In the vicinity of
 
local midnight, the flux increases with little 
change in average energy-, while in the noon to dusk 
region, the mean energy increases with little 
change in number flux. Both parameters increase
 
in the intermediate local time regions. 
Omnidirectional Proton Number Flux (fiures 13 
and 3): The scatter of the data at all local 
tines is comparable to that shown in figure 13. 
The relative dependence of the proton flux on Kp
does not change rapidly with local time. To avoid 
unnecessary complications, only every other local 
time segment curve was included in figure lI. The 
proton number flux increases smoothly with in­
creased magnetic activity in all local time seg­
ments except near local midnight where the flux 
maximizes around Kp = 3. In general the flux 
increases by about a factor of 2 between Kp = 0 and synchronous altitude has been shown to vary in a 
S-.systematic way with respect to local time and 
on Average Energy (figures 15 and 16). The magnetic activity. Because of this systematic 
data scatter in figure 15 is typical for all local behavior it may be possible to estimate the low­
time segments.. To reduce the confusion, the data energy radiation environment for periods of dii­
in figure 16 is averaged over 6-hour intervals in ferent magnetic activity by utilizing the results 
local 	time. At low K, the average energy is of this statistical analysis. The validity of
 
relatively independerT of local tine. As Kp in- such estimates can be established only by simi­
creases, the average proton energy decreases nearly lar analyses of data for other periods. 
monotonically for all local times except near local Because of the great variability of the low­
midnight. In the region from 2100 to 0300 IT, the energy plasma it would be advisable to include 
energy decreases with increased magnetic activity particle measurements with future flight experi­
up to Kpl 2, then increases with further increases ments on surface damage at synchronous altitude.
 
in magnetic activity. This behavior is nearly re- There are some indications that particle fluxes 
versed from that observed for the proton flux. In in the loss cone may exceed the average trapped
 
general the effect is for the energy flux to remain fluxes by an order of magnitude (ref. 27). This
 
relatively constant while both the number flux and is presently under study at Lockheed by combining 
the average energy change at all local times, simultaneous plasma measurements at synchronous 
Some of the systematic variation in the plasma altitude on ATS-5 and at low altitude on OVI-15 
parameters with local time and magnetic activity near the foot of the field line passing through 
demonstrated in this section can be explained ATS-5. 
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Energy Range Angle Factor
 
Detector Particle (keV) (Full Angle) (cm2-ster)
 
10 - 5 CMEA e- 0.65 - 1.9 150 x 250 1.4 x 
CMEB e- 1.8 - 5.4 150 x 25' 1.0 x 10
- 5 
-5
 
CMEC e- 5.9 - 17.8 150 x 250 1.2 x 10
10-5 CMED e- 17.4 - 53.0 150 x 250 0.9 x 
3 x10 5 CFPA p+ > 5 200 
CFPB p+ > 15 200 3 x 10
-5 
200 4 x lO 4 CFPC p+ > 38 

TABLE 1.--Detector Parameters
 
LT 
K p 
K 
,0 
0 
-I 
05 
1 -2 
-6 
2-3 
3 0 
3°-4 5 -
0-0 
506 
0 
6o-7 70-8 Total 
00-03 14 8 13 12 4 4 1 0 56 
03-06 15 5 15 9 4 1 3 0 52 
06-09 14 ii 8 15 3 2 3 0 56 
09-12 11 13 10 8 9 1 2 0 54 
12-15 8 13 9 13 10 2 0 1 56 
15-18 8 16 12 12 4 0 0 2 54 
18-21 11 18 14 10 4 0 0 0 57 
21-24 n 14 11 1 l 9 2 0 0 58 
Total 92 98 92 90 47 12 9 3 443 
TABLE 2.--Number of 1-hour samples in study 
as a function of Ip and local time 
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FIGURE 1.--Comparison of degradation of 8-13 (Zno/Sil) measured on several 
satellites. The degradation rate is significantly increased at synchronous 
orbit and in deep space where the particle radiation environment is en­
hanced (from ref. 1). 
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FIGURE 2.--Comparison of relative low-energy electron flux
 
for two days of significantly different magnetic activity.
 
Local midnight is indicated by the arrow marked 12M.
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FIGURE 3.--Comparison of relative proton flux for two days 
of differing magnetic activity. IM indicates local midnight. 
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FIGUM 4.--Comparison of magnetic activity during the sample 
periods selected for this study with magnetic activity during 
the entire period from which samples were selected. 
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FIGURE 5.--Omnidarectional electron number flux as a function
 
of local time. All one-hour-average samples are included.
 
The solid curve is the average local time dependence of the
 
flux, independent of magnetic activity.
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FIGURE 6.--Density-weighted average electron energy over the 
energy range 0.65 keY to 55 keY as a function of local time. 
All one-hour-average samples are included independent of 
magnetic activity. The solid curve is the statistical average 
of the electron energy as a function of local time. 
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FIGURE 7.--Omnidirectional proton number flux as a function of 
local time for protons with energy greater than 5 keV. All 
one-hour-average samples are included independent of magnetic 
activity. The solid curve is the statistical average. 
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FIGURE 8.--Density-weighted average proton energy as a function
 
of local time, E > 5 keV. All one-hour-average samples are
 
included indepenLnt of magnetic activity. The solid curve
 
is the statistical average dependence to the average proton
 
energy on local tame.
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FIGURE 9.--Omnidrectaonal electron number flux as a function of 
magnetic activity (Kp) for the local time segment 0000 to 0300. 
The data points include all samples for this local time period. 
The solid curve passes through the statistical mean for each 
AKp interval. The error bars indicate one standard deviation
 
on the mean.
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FIGURE lO.--Average dependence of the omnidirectional 
electron number flux on magnetic activity for each 
3-hour local time segment. The error bars where given
 
are one standard deviation on the mean.
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FIGURE ll.--Average electron energy as a function of magnetic

activity (Kp) for the local time segment 1200 to 1500. The
 
data points include all one-hour-average samples for this
 
local time segment. The solid curve passes through the mean
 
for each AKp interval. The error bars are one standard devia­
tion on the mean.
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FIGURE 12.--Average dependence of the electron energy on magnetic
 
activity (Kp) for each 3-hour local tame segment. The error bars
 
where indicated are one standard deviation on the mean.
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FIGUE 13.--Omnidirectional proton number flux as a function 
of magnetic activity (Ky) for the local time segment 0300 to 
0600. The data points include all samples for this local
 
time segment. The solid line passes through the mean for
 
each AKp interval. The error bars are standard deviations
 
on the mean.
 
